health promotion, such as antioxidant and free radical scavenging abilities, anti-inflammatory action, anticancer, anti-aging, and protective action for cardiovascular diseases, diabetes mellitus, obesity and neurodegenerative diseases [15] . The leaf extract is also capable of reducing hyperglycemia and dyslipidemia [16, 17] . Moringa leaves contains phytochemical having anticancer properties, it has been reported that the leaf extract had potent antiproliferative activity and apoptosis inducing capacity on tumor cell line [18] and it also increased the cytotoxicity of chemotherapy on pancreatic cancer cells [19] . The ethanol extract of the leaves prevented cyclophosphamide-induced micronucleus formation and DNA damage in mice [20] . The aqueous extract enhanced hepatic glutathione restoration [21] . Chadamas et al. [22] reported that tender pods decreased the formation of erythrocyte micronucleus in mice injected with 7,12 dimethylbenz (a) anthracene. It also demonstrated inhibitory potential against azoxymethaneinduced colon carcinogenesis [23] . This plant has been reported to have some analgesic, anti diabetic, antispasmodic, diuretic, antihypertensive, cholesterol lowering, diuretic, antioxidant, antibacterial properties and plays beneficial roles in modern medicine [24] [25] [26] 18] . M. oleifera is reported to be used for the treatment of rheumatism, ascites, infection, hiccough influenza and internal abscess [10, 27] . Moringa leaves have been used to combat malnutrition, especially among infants and nursing mothers and hasten uterine contraction during child birth in pregnant women. It's diuretic, antispasmodic, antiulcer, anti cancer and cholesterol lowering activities have been reported in some countries [28] . . Most of these studies of the health promoting potentials of moringa leaf were however done using disease-induced animals and the leaf extracts of moringa was often administered to the animals not the whole leaf [29] [30] [31] [32] [33] . Little research has been conducted on the health benefits of feeding whole moringa leaf powder supplemented diet to healthy animals. In this therefore against this background, that this study was undertaken to evaluate the effect of feeding moringa leaf powder supplemented diets on some biochemical indices of healthy rats.
MATERIALS AND METHODS

Moringa Leaf Powder Preparation
Fresh moringa leaves were collected from a farm in Gboko, Benue State, Nigeria. The leaves were stripped off, washed thoroughly, allowed to drain and then spread thinly on aluminum trays in a well ventilated room (27 o C ±1) to dry for five days. The shade dried leaves were ground (hammer mill, Thomas Willey mills, model Ed-5, Germany), sieved with a screen of 2 mm pore size, placed in amber coloured glass containers and stored in the refrigerator (-4 o C) for blending.
Soybean Flour Preparation
Soybeans were sorted and thoroughly washed in clean tap water and then boiled in excess water for 40 mins. The beans were drained and soaked in excess water for 12h and soaking water was changed after every 3h. Thereafter, the seed coats were removed by rubbing with hands. The cotyledons were separated from the seed coats and the seeds spread on aluminum trays in the sun (32 o C ±1) for 2 days for drying. The dried seeds were milled in a commercial attrition mill into flour and sieved with a muslin cloth of 1mm pore size [34] .
Animals
Twenty-one day old Male Wistar albino rats (n=25), were purchased from faculty of Veterinary Medicine, University of Nigeria, Nsukka, Nigeria. The rats were kept in individual metabolic cages in the Department of Nutrition and Dietetics, University of Nigeria, Nsukka, Nigeria. They fed with normal rat chow for the 7 day period of acclimatization after which they were transferred to the test diets for the 14 day period of the study. The lights in the facility were turned off between 1900 and 0700 h and the room temperature was maintained at 27 o C±1°C. All studies were pre-reviewed and approved by The University Ethics Committee for Animal Experiments. Procedures for the Animal care conformed to the international laws and Guidelines for the use of Animals in Biomedical Research [35] . Diet and feeding: The diet composition of the different groups is shown in Table 1 . Rats had free access to food and distilled water for 24 h each day throughout the entire study period of 14 days. Feed intake was monitored daily and body weight gain weekly. Feed intake was calculated by the difference between the weight of feed given and left over feed Blood and tissue collection. At the end of the study period, the animals were sacrificed under light ether anesthesia and blood collected. The blood was collected in heparinized bottles for hematological studies. Blood samples taken from non-heparinized bottles were allowed to coagulate to obtain serum. The serum was removed using a Pasteur pipette into another set of tubes, after spinning in a centrifuge (Gallenkamp, England) at 1000rpm for 5 minutes. The serum samples were used in the assay of marker enzymes -alkaline phosphastase (ALP), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) -in addition to total bilirubin and direct bilirubin. The internal organs of the animals were carefully removed, weighed and percentage relative organ weight calculated as shown.
Determination of Haematological Parameters
Determination of Packed Cell Volume
The Packed Cell Volume (PCV) was determined by the microhaematocrit method [36] Microcapillary tubes were filled with the blood samples and sealed at one end. The tubes were centrifuged at 10,000rpm for 5 minutes using a microhaematocrit centrifuge. After centrifugation the PCV was read using a microhaematocrit reader. Determination of Haemoglobin Concentration (Hb conc) Haemogloblobin concentrations was determined by cyanomethaemoglobin method [37] . Determination of Red Blood Cell Count (RBC) Red blood cell count was done by the method of Schalm et al. [38] . A 0.02ml blood sample was pipetted into a clean test tube containing 4ml of red blood cell diluting fluid to make a 1:200 dilution of the blood sample. The diluted blood sample wad loaded in a Neubauer counting chamber and all red blood cells in the five groups of 16 small squares in the central area of the Neubauer chamber were enumerated using a light microscope at x 40 magnification. The number of cell enumerated was multiplied by 10,000 to obtain the red blood cell count per cubic millimeter of blood. Determination of White blood cell count (WBC) White blood cell count was done using the method of Schalm et al. [38] . A 0.02ml blood sample was pipetted into a clean test tube containing 4ml of red blood cell diluting fluid to make a 1:20 dilution of the blood sample. The diluted blood sample was loaded in a Neubauer counting chamber and all white blood cells in the four corner squares were counted using a light microscope at x40 magnification. The number of cell enumerated was multiplied by 50 to obtain the white blood cell count per cubic millimeter of blood.
Serum Enzyme Assay
The appropriate kits were used for the determination of serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) according to [39] ), alkaline phosphatase (ALP) according to [40] . The enzyme activity was expressed as units/liter computed directly from the absorbance values. Total and direct bilirubin were determined according to [41] .
Lipid Profile
Determination of triglycerides (TGs), cholesterol, high density lipoproteins (HDL) and low density lipoproteins (LDL), were carried out using enzymatic colorimetric kits according to [42] .
Statistical Analysis
The results were expressed as mean ± SEM of six animals from each group. The statistical analysis were carried out by one way analysis of variance (ANOVA). P values < 0.05 were considered significant.
Table1. Rat groups and feed composition
Rat Group 
RESULTS AND DISCUSSION
Total feed intake and Total body weight gain of rats fed MLP supplemented diets The effect of MLP supplementation on total feed intake (TFI) and total body weight gain (TBW) of rats is shown in figures 1 and 2. The different diets caused significant (p<0.05) changes in the TFI and TBW of the animals. Total feed intake increased (p<0.05) with increasing level of MLP. The TFI for MORA was significantly (p<0.05) higher (249.58g) than the others. The TFI values were 207.04g for NORM, 204.77g for MORB and 177.76g for SOY and these values did not differ (p>0.05). MORC had the least feed consumption of 146.74g. The differences in TBW of the groups were significant (p<0.05). Total body weight gain increased with increasing level of MLP supplementation. MORA gained the most weight of 30.46g but this was not significantly different from TBW of MORB (29.38g) and NORM (25.02g). The least growth was observed in SOY (20.65g). The high feed intake of MLP based diets by the animals indicated that the taste of the MLP was not objectionable to the animals. The significantly higher increase in the body weight of rats fed moringa supplemented diets might be attributed partly to higher feed intake and also the to the fact that M. oleifera is rich in amino acids, vitamins and minerals, particularly iron and phytochemicals [43, 1, 44] . The protein content of MLP has been reported to be about 30% [45] . Makkar and Becker [6] reported that moringa leaves contained higher amounts of all the essential amino acids than the amino acid pattern of the FAO reference protein and comparable to those in soybeans. These phytochemicals and nutrients promote health and growth. In a study using rats, Nambiar and Seshadri [46] observed remarkable feed intake and weight gain in vitamin A deficient rats fed dehydrated moringa leaves compared to synthetic vitamin A. This observation is also in agreement with the findings of [47, 48] who also recorded increase in body weight of rats fed moringa leave based diets and extracts. Awodele et al. [49] and Laleye et al. [33] , in contrast, reported that there were no statistically significant differences ( p>0.05) in the percent weight gain by the animals throughout the course of extract administration in all the doses compared with the control animals. This observation may indicate that the extract did not alter the metabolic processes of the treated animals which may subsequently affect the hormones and body weight [50] . 
Effect of MLP Supplementation on Liver Function Markers of Rats
The effect of MLP supplementation on liver function markers of rats is shown in Table 2 . There were significant (p<0.05) differences in the alkaline phosphastase (ALP), direct and total bilirubin status among the groups while for the other parameters the changes were not significant. The study of different enzyme activities as well as total bilirubin and total protein have been found to be of great value in the assessment of clinical and experimental liver damage [51] and loss of functional integrity of the hepatic cell membrane [52] . The marker enzymes; ALT, AST, and ALP which are originally present in high concentration in the cytoplasm, when there is a hepatic injury, these enzymes leak into blood stream inconformity with the extent of hepatotoxicity [53] . Liver damage is reflected by an increase in the levels of hepato specific enzymes.
It is evident from the result of this experiment that MLP did not have any adverse effect on the liver but could even be said to have some hepatoprotective activity as evident in the significantly lower ALP and TB of MLP fed rat groups. This hepatoprotective function corresponds with the normal relative liver weight observed in the MLP fed animals (see Table 5 ). Phytochemical analyses have shown that moringa leaves are particularly rich in potassium, calcium, phosphorous, iron, vitamins A and D, essential amino acids, as well as such known antioxidants such as β-carotene, vitamin C, and flavonoids [54] [55] [56] [57] [58] . These may account for its many protective effects on the tissues of the body. Polyphenolic compounds, vitamins A, C and E and selenium in the cell can function as antioxidant and antiprooxidant by scavenging reactive oxygen species via enzymatic and non-enzymatic reactions [59] [60] [61] . This compounds, have multiple mechanisms of action, that may be hepatoprotective, including: 1) Antioxidant activity: Flavonoid in general are good free-radical scavengers. 2) Anti lipid prooxidation 3) Induce detoxification systems 4) protection of cell against employed glutation 5) reduction of lukoterin formation from unsaturated free acid 6) Enhanced protein synthesis 7) Stabilization of mastcell 8) Regulation of immuno functions [62] .
Saponins are secondary plant metabolites having multiple biological activities including hypocholesterolaemic effects [63, 64] . The cholesterol-lowering effects of saponins may be mediated by two mechanisms: decreased intestinal absorption of cholesterol or the enhanced fecal excretion of bile acids or neutral sterols [65] . The high content of saponin in the plant may also aid in lessening the burden on the liver as regards cholesterol metabolism, thereby allowing it, more room to recuperate when challenged. Moringa leaf powder has been reported to contain high amounts of saponins [66, 67] . Laleye et al. [33] reported no significant difference in liver marker enzymes between control rats and those administered with moringa leaf extract. Table 3 shows the effect of MLP supplementation on the lipid profile of rats. The result reveals that the various diets did not significantly (p>0.05) alter the serum lipid profile of rats. The cholesterol values of the animals ranged from 4.26mg/L -4.44mg/L, the LDL values ranged from 2.04mg/L -2.26 mg/L, while HDL cholesterol ranged from 2.00 mg/L -2.32 mg/L.
Table2. Effect of MLP supplementation on liver function markers of rats
Rat group AST (U/L) ALT (U/L) ALP (U/L) Direct
Effect of Moringa Leaf Powder Supplementation on Some Biochemical Indices of Rats
Table3. Effect of MLP supplementation on serum lipid profile (mg/L) of rats
Total serum cholesterol is really an indicator of the amount of the free radical damage in the body. Higher the free radical level, higher the body needs to produce cholesterol internally from liver to act as an antioxidant and free radical scavenger [68] . Higher level of LDL cholesterol means greater risk of atherosclerotic heart disease while higher level of HDL cholesterol means lower risk of coronary heart disease [69, 70] . Significant lowering of total cholesterol, triglycerides, LDL-cholesterol and raise in HDL cholesterol therefore is a very desirable biochemical state for prevention of atherosclerosis and ischaemic conditions [71, 72] .
Worthy of note is the reduction of LDL by MLP (though insignificant), it could therefore be said that MLP does not contain compounds that activate free radical production in the body but contains compounds that stabilize lipid profile of animals. Seriki et al. [73] observed that there was no significant effect (p>0.05) in the lipid profile status of subjects fed with moringa leaf powder based diet and those who were not. The result of this study is in contrast to the result from many researchers who reported the hypocholesteromic activity of moringa leaves [74, 75, 33] . The discrepancy could be attributed to the fact that most of these researchers used animals induced with hypercholestromia rather than healthy animals. It could be inferred that moringa leaf powder lowers the cholesterol level of animals with high cholesterol but this is not so for normal rats. The result of the haematological parameters of rats shows that at 25.6% level of supplementation, there was a slight decrease in the PCV and Hb values of rats. These values were however within range of values for normal rats [76] . In contrast, Otitoju, et al. [77] , administered moringa leaf extract to rats in a sub toxicity study and they reported a general increase in the haematological parameters in a dose dependent manner. Olugbemi et al. [78] , however observed no significant differences between PCV, Hb and RBC of broiler chickens fed with moringa supplemented diets and those fed the control diets.
Table4. Effect of MLP supplementation on the haematological indices of rats
Phytochemicals are known to exhibit different biochemical and pharmacological actions in different species of animals when ingested. These actions range from cell toxicity to cell protective effects [79] . The result of this study implied that MLP supplementation up to 25.6% did not induce negative changes in the haematological parameters of rats. Table 4 shows the effect of MLP supplementation on percentage relative organ weight of rats. There were significant (p<0.05) variations in percentage relative organ weight as a result of differences in diet except for kidney. The % relative liver weight of the animals varied from 2.99 -3.89. There was no significant difference in the liver weight between the MLP fed animals and the ones fed normal diet. There was also no significant difference in the % relative spleen weight of rats fed the normal diet (0.44) and those fed MLP diets (0.43-0.58). The differences in the values of the relative kidney weight (0.73-0.88) among the groups were not significant. The moringa diets did not also cause any significant change in the relative lung weight of the rats in relation to normal diet fed ones. In the case of the heart however, rats fed MORA had significantly (p<0.05) elevated % relative heart weight (0.52) than other MLP fed groups (0.41) and the normal diet fed ones (0.33).
Table5. Effect of MLP supplementation on percentage relative organ weight (%) of rats
The liver and kidney play important roles in the detoxification and excretion of most toxic materials from the body; hence they are affected by the presence of toxins or anti nutrients in the diets. These observed effects imply that MLP supplementation up to 25.6% did not cause any deleterious effect in most organs of the animals. At a high level of supplementation (25.6%) however it could cause enlargement of the heart. Moringa leaves have been reported to contain very low levels of toxins and antinutrients [66] . Moringa leaf powder could therefore be safe for consumption.
CONCLUSION
The result of this study showed that moringa leaf powder supplementation in the diet of rats had no serious negative effect on the biochemical indices of rats studied rather it promoted growth of the animals and exhibited some hepatoprotective properties as shown by lower values of ALT, direct and total bilirubin levels of the rats. Moringa leaf powder could therefore be said to be safe for consumption not only as a source of nutrients but also of health promoting phytochemicals.
